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$x_{i}$ $y_{\acute{l}}$ $L$ $w$ :
$\overline{h}\equiv<h>=\frac{1}{L}\sum_{i}^{L}y_{i}$ , (1)
$w^{2}= \frac{1}{L}\sum_{i}^{L}(y_{i}-\overline{h})^{2}$ . (2)
$t^{*}$ $t$
$t^{*}$ $L$ :
$w\sim L^{\alpha}$ $(t\gg t^{*})$ , (3)
$w\sim t^{\beta}$ $(t<<t^{*})$ . (4)
(3) (4) $\alpha$ $\beta$






$w(L, t)=L^{\alpha} \Psi(\frac{t}{L^{z}})$ , (5)
$t^{*}\sim L^{z}$ , $z= \frac{\alpha}{\beta}$ . (6)
$\Psi$
$\Psi(x)\sim x^{\beta}$ $(x<<1)$ ,






$w(L, t)=t^{\beta}f( \frac{L}{t^{\frac{1}{z}}})$ . (7)
$f$
$f(x)\sim x^{\alpha}$ $(x\ll 1)$ ,
$f(x)\sim Const$ . $(x>>1)$ .
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Fig. 1. Fig. 2.
$L$ -wpbt(10 )
015 $\mathrm{m}\mathrm{m}$ $L-w$ $L<<L^{*}$
roughness exponent $\alpha\simeq 0.73$ data coUapse
$L-w$ raughness exponent $\alpha$ dynamic
exponent $z$ data collapse $L-w$
$\alpha$ $z$ fitting [Fig 3]
$\alpha\simeq 0.73,$ $z\simeq 0.84$
$x<<1$ fitting $\alpha$ $z$
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$\beta$
$L-w$ [Fig 2] $t-w$ [Fig 5]
cross over $L$
$(L=1000\sim 1200)$ 061
041 , $\alpha\cong 0.73$ ,
$\beta\cong 0.61$ paper wetting DPD
Dynanic Scaling $\alpha$ $z$ $\alpha\simeq 1.00,$ $z\simeq \mathrm{L}40$ $L-w$






$C_{q}(x’, t’)\sim\langle|h(x’, t’)-h(x’+x, t’+t)|^{q}\rangle_{x’,t’}$ (8)
$\mathrm{q}$
$\mathrm{q}$
$C_{q}(x’, t’)\sim L^{q\alpha}$ (9)
$\alpha$




3. Interface growth of bacteria colony
3.1 Introduction
$\mathit{3}.\mathcal{B}$ Colony formation of Bacillus subtilis
3.Z. 1 Morphological diagrarn
Bacillus subtdis
(1)
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Fig. 7. Bacillus subtilis $C_{\mathrm{a}}$ $C_{\mathrm{n}}$
Fig. 8. $C_{\mathrm{n}}=20\mathrm{g}/1_{\text{ }}C_{\mathrm{a}}=15\mathrm{g}/1_{\backslash }$ Width $=0.21\mathrm{m}\mathrm{m}_{0}$
folding
3 ( 88 $\mathrm{m}\mathrm{m}$)












Fig. 9. $C_{\mathrm{n}}=20\mathrm{g}/1_{\backslash }C_{\mathrm{a}}=5\mathrm{g}/1$ , Width $=0.21\mathrm{m}\mathrm{m}_{\mathrm{o}}(\mathrm{a})$ OG-OI(b)
$\mathrm{O}\mathrm{G}-01\mathrm{b}_{\mathrm{o}}$
3.3 Experimental Procedures
$\mathrm{N}_{\mathrm{A}}\mathrm{a}\mathrm{C}1$ $\mathrm{K}{}_{2}\mathrm{H}\mathrm{P}\mathrm{O}_{4}$ 5 $\mathrm{g}/1$
BACTO-PEPTONE (DIFCO Laboratories, Detroit, USA) 20 $\mathrm{g}/1$ $6\mathrm{N}$ HC1 $\mathrm{I}$
$\mathrm{p}\mathrm{H}=7.1$ BACTO-AGAR (DIFCO) 121 $0\mathrm{C}$
15 BACTO-PEPTON BACTO-AGAR
88 $\mathrm{m}\mathrm{n}$ 20 $\mathrm{m}1$
1 60 oC 120 3mm
$30\cross 5$ mm
35 oC 90 %
Digital $\mathrm{H}\mathrm{F}$ microscope $\mathrm{V}\mathrm{H}$-8000(KEYENCE, Osaka)
3.4 Experimental Results
3.4.1 Region $B$
Figure 10 $t=0$ $t$
$=6,15,25,30$ 28 $\mathrm{m}\mathrm{m}$
$L$ $h$ $w(L, t)$
Figure 11 10 pixel real
scale 1 $\mathrm{p}\mathrm{i}\mathrm{x}\mathrm{e}\mathrm{l}\simeq \mathrm{L}7$ $\mu \mathrm{m}$ $\text{ }$ roughness exponent
$\alpha\simeq 0.81$ Bacillus subtilis [ (4) E. coil [ Vicsek
(5)
fitting $L$





Fig. 10. $t=0$ (a) t=6 (b) $t=15_{\backslash }(\mathrm{c})$
$t=25_{\backslash }(\mathrm{d})t=30$ 28mm $1620\cross 1220\mathrm{p}\mathrm{i}\mathrm{x}\mathrm{e}1\mathrm{s}_{\text{ }}$
$’-\mathrm{r}\mathrm{g}\mathrm{h}(\mathrm{P}^{1\mathrm{X}\text{\’{e}} \mathrm{S})}$
Fig. 1L $L\cdot\cdot w$ $C_{\mathrm{n}}=20\mathrm{g}/1_{\text{ }}C_{\mathrm{a}}=15\mathrm{g}/1_{\text{ }}10$
$z=\mathrm{L}5$ fitting collapse $\alpha$
Figure 12(a) L- $w$
$\alpha$ $z$
$\langle$ fitting








Fig. 13. $t=0$ (a) t=2











Fig. 14. L- $w$ $C_{\mathrm{n}}=20\mathrm{g}/1_{\backslash }C_{\mathrm{a}}=5\mathrm{g}/1_{\backslash }10$
(a) (b)
Fig. 15. data collapse (a) $at=0.53$ , z=1.34 (b) $\alpha=0.75$ , z=2.00 053
075
$L$ - $w$ Figure 14 1
pixel $\simeq 0.129\mu \mathrm{m}$ 10 pixels scale
10 $\alpha\simeq 0.53$
random
data coUapse $\alpha$ L- $w$ 053
$z=1.34$ fitting L, (Fiv e15(a)) rescale
scaling $\alpha$
fitting $\alpha=0.75,$ $z=2.00$ Figure15(b)
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(a) (b)
Fig. 16. $L$ $\mathrm{q}$ (a) $C_{\mathrm{n}}=20\mathrm{g}/1_{\backslash }C_{\mathrm{a}}=15$ g/l
(b) $C_{\mathrm{n}}=20\mathrm{g}/1_{\backslash }C_{\mathrm{a}}=5\mathrm{g}/\mathrm{L}$
3.5 Discussion
data coUapse L- $w$ $\alpha$ $z$
$z$ $L\cdot$ .
$w$ $\alpha$ data coUapse fitting
self-affine
multi-affine Family-Vicsek scaling
roughness exponent local self-affine
multi-affiffity scaling $\mathrm{B}$ ,
$\mathrm{D}$ ti-affine Figure 16
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